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ABSTRACT

Bus Information System (BIS) services are expanding nationwide to small and medium-sized cities,
including large cities, and user satisfaction is continuously improving. In addition, technology
development related to improving reliability of bus arrival time and improvement research to minimize
errors continue, and above all, the importance of information accuracy is emerging. In this study,
accuracy performance was evaluated using LSTM, a machine learning method, and compared with
existing methodologies such as Kalman filter and neural network. As a result of analyzing the standard
error for the actual travel time and predicted values, it was analyzed that the LSTM machine learning
method has about 1% higher accuracy and the standard error is about 10 seconds lower than the
existing algorithm. On the other hand, 109 out of 162 sections (67.3%) were analyzed to be excellent,
indicating that the LSTM method was not entirely excellent. It is judged that further improved
accuracy prediction will be possible when algorithms are fused through section characteristic analysis.

Key words : Bus Arrival Information, Machine Learning, Prediction Algorithm. Long Short-Term
Memory Units, RMSE
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1.4 &

MAEZANTL 5 A gFasAsde] Frres d3shed 583 848, $49 JPAYS
FeHom zHstal, WMo A8HY YE T FL olMAE FPHA dFuFY WHHE FolEF &
< 7 Atk #A 20009 25 dA AAGI] vF AAR ARE F2D T e FEoINeY BA
o] 827} Udh= W29 AR YX|9F B2 AR AFeta Yo ~nEE QS B HshA AR
E 5 @ T o] UEETt 22 AHI2E AEstal vk 4% BREAF] 95 BIS(Bus Information
System) A HI 28 A F3T Y LA, BHA, QA 5 ZF ARA 2AF AT BEE 85%5 A3kl 9
1, B3 AR ARAFSTE= o] 827} v 2835 o) BER NEE FSE FAS 93 &
d A77F A&H oz AFPsa 9k

EHARE #A4 8 o FE % agsos g HAAEAZLEBIS)S olF B AARE telHE

3o 2 ZubdE|(Kalman Filter, ©]3} KF), 417 W(Neural Network, ©]3} NN), |74 (Regression Analysis),
0] ¥ (Moving Average) 5°] ©|&E 1 JOoH o9 T o] 7} WHEC] E&E I Utk BHAH =M F
TAFA o AF)E 234 AUNNE E40] 24 Hgslel wef, AAE EAo) ¢ dauds
o x

& Agste] g3 Uoks v Eojof dth ol £ dae|Fo] BE T3t o FARME tlEsl] of
& & 7] wjEolth T3k daElFe A thg okl A My &8o] A&Ho R FU) HAEZ)
Azt & g Ao2 AT LSTM(Long short-term memory Units, ©]3} LSTM)

2 HolEE AT W) WS f88 YRAZOR, MAERNT Fe
A AR % e dZuofo} SR AUT BAPHECE Bgo] b
A

B ATIAE LSTM 24 P41 Bg3te] BIS AHEE /1E SudEa vusas . 55 o3
ARE AGOE AFHolok HuZ, T, ANUE A4 FneFE AN U3 B AFS WA

o

(Root Mean Square Error, ©]3} RMSE) RIRE 53l ATy} & dugEo s AAst= Weto] Hasit)

I.Axkady 22

WA R Ry A 2~RIBIS)S] AE S dA717] AeliAe HAEZAZE 349 Aol aHTh =
2 7}Fo|5H 7 ES 83 AT7HKim et al, 2009; Roh et al., 2010) A= om MH /G = A3 woh
BTt FEE AR AANEHIL ot WA FA ARl 2AREe] 23EA] $1 M2F3FY9,w3 5)
of W} 2y A8 AT} dolgte] O E AHEHAT 1 9 TtEolsH A AgE o] AR
A E A4 FS8= 34 AFWi, 2013), H 7474 Z7]9HChen et al,, 2009) A7, Ad I HAA S 2 &3
(Baker and Nied, 2014) 3314 54 AlF A7 5 s PHES A 83 A7 J=HAoH FF5Ho=E
BEE A E ob28 A8 29 ogfg S5 A -#& A mE 25 o] BelElojof g

=

< F&F AT Z AASIE Y. =3 ZRHEE| 9} Support Vector Regression2 Z3HK-SVR)F AF = F W2
AR S S =E Fd(Zhang et al, 2021) A 2T o H2 FEgol7t A LA AR &3
7} e AL E YERTE EH 9} Zo] FHAZE HEAo] 2 B A8, vHEA A B vgkEA A o3
o WA o2 A o] J) A (Patricia et al, 2015; Yang et al,, 2016) F|ojoF & x| H 3t Qi
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L 5YEE A o =0] 7HeEE AASATh(Lee et al, 2017; Chang et al,
2019) HJDS_ Ti /\}%6}1 Ue B4 & H] AZ dlolg 7t ZIAIskE dads vl dTe vE
g ARoR JA 2 g #Yd LugEy o= @QE I SVR, OLS®Et} +53 A&EE Yehls Zos
#4513 . (Dancho and Titus, 2020; Ashwini et al., 2022) ?13A]'5 RNN(Recurrent Neural Network) 7]+
Deep Feature 5% ZHUNIE ALt HF /‘1%71} FHAA EHo] JhEstd 7]E SVR B tiH|
4.82% <= A7} FAE=(Yuan et al, 2020) A2 EA o] thakdl ¥R % B 7|A Sk A8
840 FZ4E 1 Qi
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ks

ohl e 7T SgE ZEE B A5 —’FEB?'SPT‘:— Aol A& IS 3 BYE AT 34
o 77t WS 2] 915 HolHTte] ABWAE sheksta, o] WAE viEow SANE PHED 4
v 2992 /12 4223 MRE S PAE 4T,

e SRIUE AR 209 ABALA SIAUY, PR ATTAT B2} AL 4
Holwl, ARIEIA AFHE SRRt YR A JRolth B AFINE o] 4uE BEHGo
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A AR AT 50m).

(s) : Current bus station (base)
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v+1) : Next bus
+1) : Next b
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(S) Current reference stop, previous stop (s-1), next stop (s+1)

(V} Vehicles arriving at the current stop, Previous bus (v-1}, Next bus (v#1)

(T} The travel time from the previous stop (s-1) to the current stop of the bus arriving at the current reference stop (or departure)
bus ahead (v+1), and bus hehind (v-1)

<Fig. 1> Conceptual diagram of the analysis section
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<Table 1> Definition of data processing for machine learmning

Table name Definition Note
Section ID Section of bus station -
Current point of time Departure/arrival time of the bus station Input value
Route ID Route ID -

Bus / Vehicle ID : (v) Bus / Vehicle ID : (v) -
Travel time(s) : (t) Required time : Previous-current bus station Input value
Travel distance (m) Distance : Previous-current bus station -
Travel speed (km/h) Space speed : Previous-current bus station -

Number of passengers, getting on # of boarding : current bus station -

Number of passengers, getting off # of getting off : current bus station -
Number of Passenger, on-board # of Passenger, after getting on and off : current bus station Input value
Time interval between bus(min) Time difference with previous passing bus Input value
Previous bus (v-1) Travel time:(t) - True value

2. LSTM Dzl =9 7 3 &5 =3

Z% 3 Neural Networke o]l dojdt AFE HIE O E UFo] dojue ARdS F53HA Xtk ol&
§ 413} Recurrent neural network (©]3F RNN)& AAE HFE31H o)A w@hAle] ARE A& =2 3th LSTM
£ RNNY 3 FHZ 7 o= 77HAE2) EAE gF=d F 8= E(Schmidhuber and Hochreiter, 1997)
RNN<S ®gste] AA|3 Y ES Fo|th LSTM®] 2% RNN# 2] Aol EGate)tte= 845 3 BRE
HatAY AAFeEZN AgHos FRE AT 4 Ytk LSTMS AlCJEx A forget gate(f,), input
gate(i,), output gate(o,)2] 372 FAEM, ZE A°|EE sigmoid A4HS F33tA 0914 141019 ke &H
g} forget gate= A AFEfOl A @A HRO AA X, input gate™ A HHC] §HY HE, output gater= Tl
olele] 28 AAsh AR FA6)2 4 A G A 29 A9E YERdTh

N

Q © O

v v v v
W W ). w
U U U U

© O

<Fig. 2> RNN structure
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C— tanh( [ht ” Zt] + bc) ...................................................................................................... (3)
C=f q71+it*q ......................................................................................................................... “)
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By = 0] LA (0] #+eesreeesseees s 6)

el 752 Python¥ keras LSTMS AHE-3IGITE HlolHAl 758 7D, TAAZ, S g ol S5
tlolEl 67%, HIZ-E 33% Rl&E TASA 34 72 H2E HolH F AHBROE “7|AZ, AHA
g, FAEADREE “SAF AYAIPS ARRSE G Sk FhE vlasisit

1A E 452 S5 BI2ER St H2E ARE F45H HA e A 98 4714 A4
5 54 RS Agste] A9 RMSEE S48 A, A ZEHE| ™4 (Support Vector Machine, ©|3f

SVM) R = tojy ZRJAES} FiRal= AF 24 AA(ZHEH)S ZotA HolEE B/ae Rdolth &
A, 2| AHA% E2](Decision Tree, ©13} DT)= Ak gho] T 7FgA ol vluse £7] 2002 P
B7] ok A @2 Fd ZRA| 24 AAsH A, 7 UIES S(Neural Network, ©]3F NN)©| 7-¢-
dAAol =& 7w VESAR TAH d¥e Ut 2o ABAA Yol AL SR WiBHEE
A2 AEE i FAss Ao s FHE T3l A& Jhsstth A, AHr] 719 VEY A LSTME &%
A1 7% (Recurrent neural Newwork)®] 47|85 @S Bdd A0 2 AAYG 78 «dA 4w zdolt) 1 ¢
olF B, ZAVHEE, AHHTFS MLBIS EAAHRE BT ol¥As wol L83

,uJ
1A A 712 dugEe HluE BIS Agxolguole 2 A& RMSES Hlwdlth S %
o A5 AHIE Y3l A A4l BISY A= 7|#Q0 +120%9} vlwsty 7|Eg HAA e F3= |
%

3744 28U A Ao AFEF ZHle <Table 2>9F 2t

_I

<Table 2> Performance Measurement Model

Table name SVM DT NN LSTM
C=10, class_weight=None, activation="logistic’, Sequential()
cache_size=200, criterion="gini’, alpha=0.0001, LSTM(12, input_shape=(1, 1))
class_weight=None, max_depth=None, batch_size="auto’, Dense(1)
coef0=0.0, max_features=None, beta_1=0.9, loss="mean_squared_error’,
decision_function_shape=None, | max_leaf_nodes=None, beta_2=0.999, optimizer="adam’,
degree=3, min_impurity_split=1e-07, | early_stopping=False, metrics=["accuracy’]
gamma="auto’, min_samples_leaf=1, epsilon=1e-08, epochs=10, batch_size=1, verbose=1
kernel="rbf", min_samples_split=2, hidden_layer_sizes=(100,),
max_iter=-1, min_weight_fraction_leaf=0.0, | learning_rate="constant’,
probability=False, presort=False, learning_rate_init=0.001,
Parameters | random_state=None, random_state=None, max_iter=2000,
shrinking=True, splitter="best’ momentum=0.9,
tol=0.001, nesterovs_momentum=True,
verbose=False power_t=0.5,
random_state=None,
shuffle=True,
solver="adam’,
tol=0.0001,
validation_fraction=0.1,
verbose=False,
warm_start=False
Note scikit learn scikit learn scikit learn karas, tensorflow
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NEAAT AAAE B3 oS0 e 1 RARE Be aao0ln] 712N AN 9 ol
FEe MAE S4< A H AdEs Age] 12 GH7HA B2 AL 7Ee2 AYARL Sl I
Fe A e S A fdl AANARERE FE7HT AN, 24TE, A, ABAIRL,
ALY, AAAY, FAA £AE Attribute set O 2 23 TR AT} REQAE AT RT ®
203 Aol AS] G ol @ S4o) Al $AE HoA Xehe Ao U} H5 a4 9 oix
&AL AB/Ao] ofF wu|gk Ao ATk, Attributel®] H-F- =T 0.1% FFE AL Attribute2 2}
MRS S W 2YFE BN g AOE ebgrh ol 54 T YA dlFe) 7MY FAF 82
2 Atribute27} 7HE T o3k AFH HA4YS & F AUtk
<Table 3> Results of data association analysis
Table name Attributel Attribute2 Attribute3 Attribute4 Attribute5

-Current point of time | -Current point of time | -Current point of time | -Current point of time | -Current point of time
‘Day of the week “Travel time ‘Route ID “Travel time “Travel time

‘Route ID “Travel time “# of on-board Passengers | -Time interval of
-Travel distance Preceding bus

Input value | -Travel time

# of getting on and off
“# of onboard Passengers
-Time interval of
Preceding bus

True value Previous bus(v+1), Travel time:(t)
Accuracy 22% 2.1% 2.1% 2.1% 2.0%
Sta. error 50s 50s 49s 50s 51s
Dataset 76,258 (11/7, 11/8, 11/9 Departure information about the bus station)
Number of learnings : 57,147 Number of tests : 19,110

duglE 2dd S5y H2E S AXH HYEE SHsty w99 BIS A9 HlwEsnh B
o2 1099 TP =X ($-0]5~F38hE), 7016 A =M (FAT~FHU)S tdide= 20219 112 7¢€1A4 9
U712 3Y3E HiolHE B39 o B4 AF4& 7ol =F8te 14 AFA AHFo=Z g3 109™
KR

24 A% LST™M 2o 7H3 0% 42 OIL T Ao et &
ek A8 2pel7h AR AL glon, EFAF A%kl FFE VA=
dglE 2 S F HAE AlY A LSTM ZHlo] 36422 EF Qa7 7M vekon, ¥ 16271
TR F 1097 FRENA 673% HITOE S SloR == = A= F ol
d Y ESIRE FHE o]0 3912 Yelytth AAL7e] 808 22 ZE77UES D LSTM 7]

o S
N
b
1o
=2
hc)
N
of\
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S
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- 12~15min.(Weekdays)

Bus No. 109 Bus No. 7016
-Starting point 1 -Starting point
- Ui-dong, Gangbukgu b - Susaekdong, Eunpyeonggu
‘End point ‘End point
- KT Gwanghwamun branch, Jongnogu - Sangmyung University, Jongnogu
-Total operating distance -Total operating distance
- 28.16km - 56.0km
‘Bus interval ‘Bus interval

- 5~12min.(Weekdays)

<Fig. 4> Overview of bus routes

Agtgo] 71& daggd vlsl, BEEE oF 1% w1, FFAE oF 102 A& @2 20 & F4H3]
o o] A= 14 AFadl AR Aol 3t oA =HA, B 1-509 Aol ti =g RE Y48t
= MMl BISS S 10~5028] eaks 2 F e A= e
<Table 4> The results of the accuracy measurement by model
Accuracy(%)
Table name # of learnings | # of tests
+120s +60s +40s +20s
Moving average (MA) 974 84.1 68.9 41.6
Kalman filter (KF) - 22,747 96.0 80.4 652 39.1
Confidence average (CA) 97.4 84.2 69.0 42.0
Support Vector Machine (SVM) 97.3 84.7 72.7 52.6
Decision tree (DT) 96.0 82.0 69.3 474
57,148 19,110
Neural networks (NN) 96.8 84.7 72.3 523
Long short-term memory Units (LSTM) 98.5 89.4 76.8 50.8
Performance error by section

Standard error(s)

LSTM SVM NN CA MA DT KF

BEIRZPET FEERgaased g8 gRRSc=0BER
oo -E-E-R-] R E-E-E-E-E-X-E-R-E-] oDo -2-E-E-R-E-R-BR-R-X-]
e FRREE ERESRPERREEF R REER FEREREERER
oo (=N =T ==} o NN NN NN NS 0o o mmMmmMmMmMmM N mmMn oM
B8 S89898% 318 8888988998858 31899588 s be fhe o Bloe fla-e Blain e
Section ID
<Fig. 5> Performance error by section
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Changes in accuracy by model
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<Fig. 6> Change in accuracy by model

3. LST™M 22 HE &M

779U ES A LSTM 222 7718 9448 HHS 7+ 4 853 dSo] 943 2108 dud
th LSTM dZo] BojxE= T34 74 NN > CA > MA 2.2 92435y} = g
F(TS Train)@ A Z(TS Tesp)©] ZE 759 2184 42 A5-E vlustd 21

5 AL A @v o] HAEE 2R et ol nFAE, AAA &
A Yehs AR AEHJ O dA4T FZ oA 2~ 37}ZH AAFEC] HHEHORE Z
o Zo] AR Y= AARE FFHE o= FHHL o] Ag Fdl Ik Fe 2
g 7 774 Aouk 10~20%9] xfo|7} WAEAS B %—Er% THER 958 B 2dit
1~3% Afole] HAE YeR)SITh

300 { Accuracy - 0.042, RMSE : 23.796 — —
Biases[576] - -0 23990999463558197, 0.11999999731779099 Raw TS TS

Weights[48] - 0.5590000152587891, 0.4740000069141388 -
20 eights(48] : DA Data Train Test

200

- MMMWMJFMMMMW

time

Travel time(s)

<Fig. 7> An example of good LSTM learning
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